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INTRODUCTION

83
Schistosomes are long-lived parasitic flat worms inhabiting host vasculature.
84
Five species out of twenty are able to infect man, establishing a chronic infection 85 (Standley et al., 2012) . One immune evasive strategy employed by the parasite and 86 presumed to prolong its survival is the acquisition of host molecules. Several host 87 molecules have been reported on the surface of Schistosoma mansoni adult worms, 88 including blood group antigens (Smithers et al., 1969) , major histocompatibility 89 complex antigens (Simpson et al., 1986) , immunoglobulins (Kemp et al., 1976) , host 90 lipids (Furlong et al., 1992) , lipoproteins (Dinguirard and Yoshino, 2006) , alpha-2-91 macroglobulin (Damian et al., 1973) , contrapsin and 92 components of the complement system (Skelly, 2004) .
93
A relationship between a host-derived chymotrypsin-like serine protease 94 present in detergent extracts of S. mansoni worms that had been perfused from 95 infected mice and also in mouse blood was previously reported by Darani and 96 Doenhoff (2008) . The enzyme was found in a detergent (deoxycholic acid -DOC) 97 extract of worms with relatively little being found in non-detergent extracts and it was 98 seemingly identical antigenically and enzymatically to the molecule in mouse serum.
99
The antigen in the worm extract and normal mouse serum were both 100 immunoprecipitated in immunoelectrophoresis by a rabbit antiserum raised against 101 whole mouse serum (anti-NMS) (Darani and Doenhoff, 2008) . The enzyme activity 102 was visualized using N-acetyl-DL phenylalanine β-naphthyl ester (NAPBNE), a 103 chromogenic substrate of chymotrypsin-like enzymes. The molecule in both the DOC 104 worm extracts and NMS is of interest because it is unusual for an enzymatically-105 active form of a protease to be present in blood -most are there as inactive pro-106 enzymes or in zymogen form. Furthermore, while the active enzyme has been found 107 in mouse and rat blood, it was not found in the blood of several other mammalian 108 species including sheep, cattle and humans (Darani and Doenhoff, 2008) .
109
This study reports the purification and characterization of the mouse plasma-110 derived chymotrypsin-like enzyme, which we believe to be identical to that found on 111 the surface of S. mansoni worms recovered from infected mice. Mass spectrometry 112 helped determine the amino acid sequence of the enzyme which in turn enabled it to 113 be identified and further characterized. Information so derived gave insights into its 114 possible role in the host parasite relationship. 
MATERIALS AND METHODS
128
All chemicals and buffers were of analytical grade and bought from Sigma- recovered by portal perfusion of infected mice 42 days after infection, as described 141 originally by Smithers and Terry (1965) and modified by Doenhoff et al. (1978) . 
Normal mouse serum (NMS) and normal rat serum (NRS)
152
Normal mouse serum and normal rat serum were prepared by exsanguinating 
Rabbit anti-normal mouse serum (Anti-NMS)
160
A polyspecific rabbit anti-normal mouse serum antiserum was prepared as 161 described by Darani and Doenhoff (2008) by repeated weekly injections of 1 ml 162 emulsion containing equal volumes of normal mouse serum and Freund's adjuvant.
163
The response was assessed qualitatively in terms of the intensity of immuno-164 precipitation lines yielded by the serum and the homologous antigen extract. The 165 rabbit was serially bled weekly from alternate ears until enough serum was collected.
166
The serum pool was divided into 5 ml aliquots and stored at -20 0 C.
168
Rabbit anti-complete Freund's adjuvant (Anti-CFA)
169
Rabbit anti-CFA was prepared as described for anti-NMS except that rabbits were 170 injected only with repeated weekly doses of 1 ml emulsion of CFA.
171
Rabbit anti-mouse serum albumin (anti-MSA)
173
A rabbit anti-mouse serum albumin antiserum was raised by immunization 174 with replicate immunoprecipitin arcs produced by immunoelectrophoresis of mouse 175 serum albumin and anti-NMS as described by Goudie et al. (1966) , adapted as in 176 Dunne et al. (1986) . Immunoprecipitin arcs were excised, homogenized and injected 177 into rabbits at weekly intervals. Antibody responses of Immunized rabbits were 178 monitored and finally bled as described for the rabbit anti-NMS.
180
Rabbit anti-worm protease antiserum
181
A rabbit antiserum specific for the chymotrypsin-like enzyme in NMS was 182 prepared as described by Darani and Doenhoff (2008) . 
Reduction of albumin in NMS and NRS
185
Serum albumin was depleted from both NMS and NRS as described by Further purification of the enzyme was achieved by re-electrophoresing the eluate in 217 a fresh SDS-PAGE gel. The whole sequence of (i) SDS-PAGE, (ii) elution of enzyme 218 activity from gel strips, (iii) re-electrophoresing in PAGE was repeated three times in 219 an effort to obtain a sufficiently pure sample of the enzyme suitable for analysis by 220 mass spectrometry (MS). PAGE gels carrying proteins for analysis in MS were 221 stained using SimplyBlue SafeStain (Invitrogen, Carlsbad, CA).
222
Ouchterlony double immunodiffusion was adapted from Bailey (1996) . Glass 223 microscope slides were sterilized by spraying 70% alcohol on both sides and wiping 224 with a sterile tissue. They were placed on a levelled table and 4 ml, 1.2% molten 225 agarose dissolved in sodium barbitone solution (pH 8.6) was spread on the glass 226 slide and allowed to set. Circular wells were cut in the gel and these were loaded films in RID and SDS-PAGE gels was performed as described by Pearse (1968) , 265 adapted as in Darani and Doenhoff (2008) , using 5 mg NAPBNE as the chromogenic 266 substrate and 5 mg FBB as the coupling agent. The substrate mixture was dissolved 267 in 2 ml DMSO and diluted to 40 ml by adding 10 ml, 0.1 M PBS solution, pH 7.4 and 268 30 ml deionized water. Prior to zymography in SDS-PAGE, the gel was incubated for 269 an hour in 2.5% triton X-100 solution.
271
Detection of esterase activity
272
Esterase activity on purified mouse and rat enzyme was assayed using two were first incubated at room temperature in 2.5% triton X-100 solution for an hour (to allow the enzymes to refold), rinsed thrice in deionised water, followed by a second (Fig.1) .
318
The presence of the chymotrypsin-like enzyme was indicated by a purplish 319 colour after chromogenic staining using NAPBNE + FBB (Fig. 1b) . The results 320 indicated that precipitate 'A' (well 2) had relatively less albumin (Fig. 1a) , while 321 retaining more of the enzyme activity than the other fractions and it was therefore 
Purification of the chymotrypsin-like enzyme from precipitate A using SDS-PAGE
326
Further purification of the enzyme from precipitate A was followed by its isolation 327 from three successive SDS-PAGE gels, the band with enzymatic activity being 328 excised from replicate thin strips of the polyacrylamide gel, eluting the enzyme 329 therefrom and re-electrophoresing the product in a further PAGE. The procedure of 330 (i) SDS-PAGE, (ii) elution of enzyme activity from gel strips, (iii) re-electrophoresing 331 in PAGE was repeated two times (Fig. 2) Approximate place for Table 1 341 342
Purification of the chymotrypsin-like enzyme from rat serum
343
A seemingly analogous chymotrypsin-like enzyme was also found after SDS-344 PAGE and zymography of normal rat serum (NRS) using the same chromogenic 345 substrate NAPBNE and its coupling agent fast blue B (Darani and Doenhoff, 2008) .
346
The purification of the enzyme in NRS was undertaken to help confirm the identity of The same method that had been adopted for the purification of the enzyme in
355
NMS was applied to NRS; i.e., albumin depletion followed by SDS-PAGE, elution 
367
The MS result for RCES 1C indicated it was marginally smaller than MCES 368 1C, as had been indicated by the results of zymography after PAGE (Fig. 3) . (Fig. 6b, c, e, f, h, i) , as compared to the control groups 391 which were incubated in the absence of any of the two inhibitors (Fig. 6a, d and g ).
392
Approximate place for Figure 6 were immunoprecipitating the same molecule in all 3 antigen solutions (Fig. 7) . were immunofluorescent while control worms were not (Fig. 8) . 
Investigating peptide homology between mouse and rat CES 1C
417
The homology of the host-derived mouse CES 1C (GI: 247269929, NP: 
456
The enzyme in DOC extracts of the parasite (WM) was observed to be similar The method of albumin depletion resulted in fractionating NMS into two 468 precipitates (first and second) after two successive centrifugations and a supernatant 469 containing mainly albumin (Fig. 1) . The first precipitate, which had a reduced 470 concentration of albumin but had contained more of the enzyme, was purified further 471 (Fig. 2) . Tandem MS-derived peptides showed a significant match for mouse SDS-PAGE and zymography had a stronger staining intensity and a slightly lower 483 molecular weight than the enzyme in mouse serum (Fig. 3) . Tandem MS analysis of 484 the partially purified enzyme from rat serum revealed peptides, the sequence of 485 which significantly matched those of rat CES 1C and rat α-1B-glycoprotein (Table 2) .
486
Interestingly, the MS-derived peptides matching the aligned amino acid sequences 487 of the mouse and rat enzyme were present in only one or the other sequence, with 488 the exception of two (Fig. 9) . A study of the properties and characteristics of the two The chromogenic substrate for chymotrypsin-like enzymes (N,N,N acetyl-DL-494 phenylalanine β naphthyl ester: NAPBNE) has previously been reported to be 495 hydrolysed by rat plasma CES (Choudhury, 1974) . The ability of the purified 496 enzymes from both mouse and rat plasma to hydrolyse two esterase substrates (α-naphthyl acetate and β-naphthyl acetate) (Bahar et al., 2012) , is an indication of their 498 esterolytic capability. Moreover, the protein bands with esterolytic activity were 499 observed at the same molecular weight as the band which hydrolysed the 500 chymotrypsin-like substrate (NAPBNE + FBB), a result consistent with the same 501 molecule being active on the three different substrates.
502
In terms of mode of action of the chymotrypsin-like enzyme and CES, both 
512
The immunoprecipitation of the host-derived enzyme in detergent extracts of 513 the parasite (WM), purified CES and NMS by Ouchterlony double immunodiffusion 514 using a rabbit anti-NMS revealed patterns of immunological identity in both extracts 515 (Fig. 7) . This indicates that the purified CES is identical to an enzyme in WM.
516
Moreover, the ability of the immunoprecipitates to hydrolyse substrates of both 517 chymotrypsin-like enzymes (NAPBNE + FBB) and esterases (α-naphthyl acetate) 518 helps substantiate the characterization of the enzyme on worms being host-derived 519 and a CES. Furthermore, immunofluorescence detection on mouse-derived adult 520 worms probed with antibodies specific for the chymotrypsin-like enzyme indicated 521 the host-derived antigen was present on the surface of the worms (Fig. 8) . The high carboxylesterase by PMSF and BNPP has also been reported (Munger et al., 1991) .
552
An alignment of amino acid sequences of the mouse, rat and human CES using maintenance (Dinguirard and Yoshino, 2006 , Furlong, 1991 , Furlong et al., 1992 .
593
The high intensity of immunofluorescence observed herein on mouse-derived adult 594 worms particularly on the female could be directly proportional to the above 
